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(54) Power saving scheme for a digital wireless communications terminal 



(57) According to the present invention, a mobile 
communications terminal (100) includes a high accura- 
cy clock (101 ) for providing a timebase in a normal op- 
erating mode, a "slow clock" (1 02) for providing the time- 
base in a low power mode of operation, and at least one 
processor (103) coupled to the high accuracy clock and 
the "slow clock" for controlling the modes of operation. 
In a preferred embodiment, the mobile communications 
terminal includes a conversion signal processor (CSP) 
(103), a digital signal processor (DSP) (104), a commu- 
nications protocol processor (1 05), and a radio frequen- 
cy (RF) segment (106). The CSP (103), which includes 
a plurality of registers, interfaces with the DSP (104) to 
execute the timing control functions for the terminal. In 
the normal operating mode, the timebase is maintained 



from the high accuracy clock (101). During inactive pe- 
riods of terminal operation (e.g., in a paging mode), a 
sleep mode is enabled wherein the high accuracy clock 
source is disabled, the DSP (104), CSP (103), and com- 
munications protocol processor (105) are shut down, 
and the "slow clock" (1 02) provides the timebase for the 
terminal while a sleep counter is decremented for a giv- 
en sleep interval. Upon expiration of the sleep interval 
or in response to an intervening external event (e.g., a 
keypad is depressed), a terminal wake-up is initiated so 
that the high accuracy clock resumes control of the time- 
base. Because the high accuracy clock and the "slow 
clock" are not synchronized, the CSP and DSP calibrate 
the "slow clock" to the high accuracy clock prior to the 
terminal entering the sleep mode. 
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Description 

FIELD OFTHF IMVFMTif^M 

The present invention relates generally to the field 
of wireless communications and more particularly to a 
power saving scheme that provides low power and high 
accuracy clocking modes for digital wireless communi- 
cations terminals. 

BACKGROUMD OF T HE INVEMTinM 

In a typical wireless communications system timing 
must be synchronized between a digital wireless com- 
munications terminal and a base station. A high accu- 
racy crystal clock source is generally used in the termi- 
nal to maintain a timebase (i.e., a timing reference for 
operating the terminal). In some modes of operation 
such as a paging mode when the communications ter- 
minal IS waiting for incoming calls, the communications 
terminal ordinarily does not have to perform any tasks 
for periods of up to several seconds. However even if 
the terminal is designed to enter a power saving mode 
after not receiving an incoming call for a certain period 
of time, the communications terminal must still be able 
to receive appropriate timeslot and other service infor- 
mation during the idle time. Therefore, the timebase 
must still be maintained even while in these standby or 
power saving modes. 

For current complementary metal oxide semicon- 
ductor (CMOS) integrated circuits used in communica- 
tions terminals, power consumption is directly related to 
clock frequency As is known to those skilled in the art 
the higher frequency, higher accuracy crystals consume 
more power Consequently the high frequency crystal 
clock sources and the circuits connected to these clock 
sources dissipate a significant amount of power even 
during these standby paging modes. 

Communications terminals used in the Global Sys- 
tem for Mobile Communications (GSM), which is a Pan- 
European standard for digital cellular phone service are 
an example of a device that would benefit from the im- 
plementation of an effective power saving scheme In a 
GSM system, the timebase is generally provided by a 
1 3MHz crystal clock source. Although the 1 3MH2 clock 
provides a highly stable timebase, the excessive power 
consumption during the paging mode adversely affects 
the overall system performance by reducing the battery 
life of the terminals. Generally, most types of communi- 
cations systems, such as GSM, employ digital signal 
processors (DSPs) for the real-time processing of sig- 
nals. These DSP-based systems are particularly de- 
manding of clock and power resources due to the re- 
quirements associated with baseband data processing 
Consumer audio applications, such as digital answering 
machines and digital cordless phones, could also ben- 
efit from an effective power saving scheme. 

Some attempts have been made in the prior art to 



provide high accuracy clock circuits with a low power 
mode. One approach is to operate a low frequency, low 
power clock on a continuous basis as the primary timing 
source, and to periodically tum on a high frequency, hiqh 
5 accuracy clock to tune the less stable clock However 
the low frequency clock, even with periodic tuning can- 
not provide a timebase with the level of accuracy re- 
quired in time division multiple access (TDMA) type svs- 

terns such as GSM. The additional circuitry for tuning 
he low power clock also adds unnecessary design and 

fabncation constraints on the terminal. 

Accordingly there is still a critical need in the art for 

a power saving clock scheme that provides a low power 

mode of operation while maintaining a highly accurate 

timebase. 

SUMMARY OF THE IMVgMTinM 



These and other aspects of the invention may be 
obtained generally in a mobile communications terminal 
that includes a high accuracy clock for providing a time- 
base in a normal mode of operation, a low power clock 
(hereinafter referred to as a "slow clock") for providing 
the timebase in a low power mode of operation, and at 
least one processor coupled to the high accuracy clock 
and the slow clock for controlling the modes of operation 
of the mobile communications terminal. 

In one exemplary embodiment, the mobile commu- 
nications temiinal includes a conversion signal proces- 
sor (CSP) coupled to the high accuracy clock and the 
Slow clock, a digital signal processor (DSP) coupled to 
the CSR a communications protocol processor coupled 
to the CSR DSP, and high accuracy clock, and a radio 
frequency (RF) segment coupled to the high accuracy 
35 c ock and the CSR The CSR which includes a plurality 
of registers, interfaces with the DSP to execute the tim- 
ing control functions for the terminal. 

In the normal mode of operation, the timebase is 
maintained from the high accuracy clock because fre- 
40 quency stability and accuracy of the timing source are 
essential. During inactive periods of terminal operation 
(e.g., in a paging mode), a sleep mode is enabled 
wherein the high accuracy clock source is disabled and 
the DSR the CSR and the communications protocol 
,45 processor are shut down. At this time, the slow clock 
provides the timebase for the tenninal while a sleep 
counter is decremented for a given sleep interval Be- 
cause the sleep counter is decremented by clock cycles 
from the slow clock, the sleep counter will continue to 
operate in a low power mode even while all other circuit- 
ry is completely shut down. 

Upon expiration of the given sleep interval or in re- 
sponse to an intervening extemal event (e.g., a keypad 
IS depressed), a terminal wake-up is initiated so that the 
high accuracy clock resumes control of the timebase 
Because the high accuracy clock and the slow clock are 
not synchronized, the CSP and DSP calibrate the slow 
clock to the high accuracy clock prior to the terminal en- 
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tering the sleep mode. During the calibration, a tinning 
relationship is calculated by measuring the clock cycles 
of each clock source for a given calibration time interval. 
Upon terminal wake-up, the timing relationship is used 
to adjust the timebase accordingly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present in- 
vention may be obtained from consideration of the de- 
tailed description of the invention in conjunction with the 
drawings, with like elements referred to with like refer- 
ences, in which: 

FIG. 1 is a block diagram of an exemplary embod- 
iment of the present invention; 

FIG. 2 is a timing diagram illustrative of the se- 
quence of events for the sleep mode of the present 
Invention; and 

FIGS. 3-6 are flow diagrams of the various register 
operations carried out in the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Although the present invention is particularly well 
suited for digital signal processing (DSP)-based sys- 
tems, such as digital cellular communications systems, 
and shall be described with respect to these systems, 
the power saving scheme disclosed herein can be ap- 
plied to any number of integrated circuit applications re- 
quiring a low power mode of operation. 

As discussed below in more detail and in accord- 
ance with an embodiment of the invention shown in FIG. 
1, a mobile communications terminal 100 includes a 
high accuracy clock 101 for providing the timebase for 
the terminal 100 in a first mode of operation (hereinafter 
referred to as a normal operating mode), and a low pow- 
er clock 1 02 (hereinafter referred to as a slow clock 1 02) 
for providing the timebase for the terminal 100 in a sec- 
ond mode of operation (hereinafter referred to as a low 
power mode). The terminal 100 further includes a con- 
version signal processor (CSP) 103 coupled to the high 
accuracy clock 1 01 and the slow clock 1 02, a digital sig- 
nal processor (DSP) 104 coupled to the CSP 103, and 
a communications protocol processor 105 coupled to 
the DSP 104 and the high accuracy clock 101. A radio 
frequency (RF) segment 106 is coupled to the high ac- 
curacy clock 1 01 and the CSP 1 03. The CSP 1 03, which 
includes a plurality of registers, interfaces with the DSP 
104 to execute the timing control functions for the ter- 
minal. In the normal operating mode, the timebase of 
the terminal is maintained from the high accuracy clock 
because frequency stability and accuracy of the timing 
source are essential. During inactive periods of terminal 
operation (e.g., in a paging mode), a sleep mode is en- 
abled wherein the high accuracy clock source is disa- 



bled. At this time, the DSP 104, the CSP 103, and the 
communications protocol processor 105 are shut down, 
and the slow clock 102 provides the timebase for the 
terminal while a counter Is decremented for a given 

£ sleep interval. Upon expiration of the given sleep inter- 
val or in response to an intervening external event (e. 
g., a keypad is depressed), a temninal wake-up is initi- 
ated so that the high accuracy clock 101 resumes con- 
trol providing the timebase of the terminal. Because the 

'0 high accuracy clock 101 and the slow clock 102 are not 
synchronized, the CSP 103 and the DSP 104 calibrate 
the slow clock 102 to the high accuracy clock 101 prior 
to the terminal entering the sleep mode. During the cal- 
ibration, a timing relationship is calculated by measuring 

IS the clock cycles of each clock source for a given cali- 
bration time interval. Upon terminal wake-up, the timing 
relationship is used to adjust the timebase accordingly. 

In more detail, FIG. 1 shows an exemplary embod- 
iment of the present invention in a GSM terminal appli- 

20 cation, wherein the high accuracy clock 101 is a 1 3MHz 
crystal and the slow clock 102 is a 32.768kHz watch 
crystal (hereinafter referred to as a 32kHz crystal). It will 
be apparent to one skilled in the art that other suitable 
crystal clock sources of different frequencies may be 

25 used without departing from the spirit or scope of the 
present invention, that being a dual-clock architecture 
using a high accuracy clock and a slow clock. Further- 
more, it should be noted that the high accuracy clock 
101 can be implemented using different types of crystal 

30 oscillator sources. For example, high accuracy clock 
101 could be a voltage-controlled crystal oscillator 
(VCXO), a temperature-controlled crystal oscillator 
(TCXO), or a voltage and temperature-controlled crystal 
oscillator (VCTXO), The CSP 103, as is known to those 

35 skilled in the art, is a mixed signal integrated circuit typ- 
ically used for performing timing and control functions 
as well as analog-to-digital (ADC)/digital-to-analog 
(DAC) operations. The CSP 1 03 includes an input signal 
line from the high accuracy clock 101 and an input signal 

40 line from the slow clock 102. Depending on the type of 
crystal oscillator used for the high accuracy clock 101, 
the CSP 103 can provide an analog voltage control sig- 
nal to the high accuracy clock 101 via a digital-to-analog 
conversion (DAC) output line if required. The CSP 103 

45 also provides a clock output enable/disable signal 
(CLKOE) to turn the high accuracy clock 101 on and off 
depending on the mode of operation of the terminal. 
Outputs from the CSP 103 and the high accuracy clock 
101 are provided to the radio frequency (RF) segment 

so 106. Examples of the types of registers implemented in 
the hardware of the CSP 1 03 to execute the sleep mode 
operation are identified in Table 1 . 



Table 1 



Register 


Access 


slow_clock_control (SCCTL) 


read/write 
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Table 1 (continued) 



Register 


Access 


calib_sleepmode_timer (CALSTM) 


write only 


counter (CALSTM) 


read only 


calibration_accu 


read only 


(CALACC) 




XO_spinup_interval (XOSUPINT) 


read/write 


CSP_counter_reload (CSPCRINT) 


read/write 



The SCCTL register contains the control flags 
which are set according to the desired mode of opera- 
tion. As such, the SCCTL register contains the following 
bits for the various modes; the 32kHz oscillator enable 
bit (COSCENA); the oscillator bypass/CMOS clock in- 
put bit (COSCBYP); the calibration_enable bit (GALE- 
NA); the sleepmode_enable bit (SLPENA)- and the ear- 
ly wake-up bit (EWAKE). The register operations carried 
out in the present invention for the sleep mode will be 
described below in further detail with reference to FIGS. 
3-6. 

The DSP 104 in FIG. 1 is coupled to the CSP 103 
via a data bus/address bus (DB/ADB) signal line, which 
IS used for exchanging data and addressing information 
relating to the registers of the CSP 103. Specifically 
contents in the registers of the CSP 103 are mapped in 
memory locations of the DSP 1 04 via the DB/ADB signal 
line. The CSP 103 and the DSP 104 are further coupled 
by an interrupt signal line (INTR-INT1 ), which is used by 
the CSP 103 to send an interrupt signal to the DSP 1 04 
The interrupt signal is used by the CSP 103 as a hand- 
shaking mechanism to inform the DSP 1 04 that data has 
been written to one of the registers and is available for 
mapping to the DSP 1 04 memory locations. Additionally, 
the interrupt signal is used to wake up the DSP 104 after 
the given sleep interval has expired, as will be discussed 
in further detail. The DSP 104 receives the clock signal 
from the CSP 103 via a clock signal line (CLKO-CLK) It 
should be noted that there are many suitable types of 
digital signal processors which use Interrupt signals for 
low power operations and memory locations for map- 
ping register contents as set forth in the present inven- 
tion. 

The DSP 1 04 would not normally use the slow clock 
1 02 signal for internal, low power operations in the DSP 
104, because digital signal processors generally have 
their own internal, low power ring oscillator for such pur- 
poses. As such, while the temiinal is in low power mode 
the slow clock 1 02 is only used to maintain the timebase 
for the terminal. Those skilled in the art will also under- 
stand that the CSP 1 03 and DSP 1 04 may be combined 
on a single silicon die. In such a configuration, the inter- 
nal, low power ring oscillator of the DSP 1 04 can be elim- 
inated to consen/e space and the slow clock 102 could 
be used to provide internal clocking during low power 
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operations. Other processor configurations may also be 
possible without departing from the spirit and scope of 
the present invention. 

The communications protocol processor 105 is cou- 
pled to the DSP 104 via a parallel host interface line 
(PHIF) and an interrupt line (lO-INTO). The communica- 
tions protocol processor 105 is used for general 
processing functions within the terminal. In a typical 
processor configuration, the communications protocol 
processor 105 would also include its own internal low 
power nng oscillator for internal clocking during low 
power operations. To initiate low power operations the 
communications protocol processor 105 informs' the 
DSP 104 to execute the sleep mode and the DSP 104 
similarly informs the CSP 103. The necessary register 
operations are then implemented by the CSP 103 and 
DSP 104to disable the high accuracy clock 101 and en- 
ter the sleep mode. For a normal terminal wake-up, the 
communications protocol processor 105 is turned on via 
an interrupt signal from the DSP 1 04 using the PHI F par- 
allel interface port or other suitable signaling line de- 
pending on the configuration. For an early wake-up the 
communications protocol processor 105 would Inform 
the DSP 104 (via the lO-INTO signal line) that an exter- 
nal event has occurred (i.e., keypad depressed on the 
terminal 100). The DSP 104 and CSP 103 would then 
implement the necessary register operations to wake up 
the terminal 100. 

It should be noted that the communications protocol 
processor 105 in FIG. 1 may be of the type having an 
embedded real time clock (not shown). In such a con- 
figuration, the communications protocol processor 105 
interfaces to a 32kHz clock (not shown) via a real time 
clock (RTC) signal line. The CSP 103 would then re- 
ceive the slow clock signal via a 32kHz output line from 
the communications protocol processor 105 instead of 
from the directly connected slow clock 102 (as shown 
in FIG, 1 ). All other functions of the mobile communica- 
tions terminal 100 having this configuration are carried 
out in the same manner as will be described for the em- 
bodiment shown in FIG. 1. 

As stated, the power saving scheme of the present 
invention is implemented through a series of registerop- 
erations which are executed in the hardware of the CSP 
103 in conjunction with the processing functions carried 
out by the DSP 104. In general, the power saving 
scheme includes calibrating the slow clock 102 with the 
high accuracy clock 101 prior to entering the sleep 
mode, enabling the sleep mode, and waking up the ter- 
minal 100 at the end of the sleep period or in response 
to an external event (e.g., a keypad being depressed on 
the terminal 100). 

Referring now to the timing diagram in FIG. 2. a se- 
quence of events is shown to illustrate the signaling that 
occurs prior to, during, and after the sleep period To 
facilitate a better understanding of the timing events in 
FIG. 2, appropriate cross references are included in the 
discussion provided herein for the applicable compo- 
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nents from the terminal 100 shown in FIG. 1. The spe- 
cific time of occurrence for each of the events is indicat- 
ed across the top of FIG. 2; however, the details of each 
event will be addressed in a subsequent detailed dis- 
cussion of the various register operations. A 
clock_output_enable (CLKOE) event represents the en- 
able/disable signal being sent from the CSP 103 to the 
high accuracy clock 101 during the execution of the 
sleep mode. A Uq/^c timing event represents the voltage 
control signal that is converted from digital to analog by 
the CSP 103 and sent in conjunction with the CLKOE 
signal from the CSP 103 to the high accuracy clock 101. 
The UDAC signal is used to provide the necessary con- 
trol if the high accuracy clock 101 includes, for example, 
a voltage-controlled crystal oscillator (VCXO). A small 
signal input timing event represents the high accuracy 
clock 101 input to the CSP 103. The phase locked loop 
(PLL) output event represents the enabling/disabling of 
the PLL output within the CSP 1 03. PLL's are well known 
in the art and are typically provided in the CSP 103 to 
provide a more efficient means for managing a different 
clock signal in other components of the mobile commu- 
nications terminal 100. For example, the DSP 104 may 
require a 26MHz or 52MHz clock signal, which can be 
provided by the PLL in the CSP 103. Clock output from 
the PLL is provided by the CLKO-CLK signal line be- 
tween the CSP 103 and the DSP 104. The PLL clock 
output would be disabled during the sleep period prior 
to the high accuracy clock 101 being disabled by the 
CSP 103. An internal clock event represents the clock- 
ing internal to the CSP 1 03 used for carrying out the nec- 
essary processing functions within the CSP 1 03. A quar- 
terbit counter (QBC) and frame counter (FC) are two 
counters implemented in the hardware of the CSP 103 
which provide the timebase for the mobile communica- 
tions terminal 1 00 when not in the sleep mode. As such, 
the QBC and FC are disabled while the terminal 100 is 
in the sleep mode and operating on the slow clock 102. 
Quarterbits are used for the timebase in the present in- 
vention to provide a greater degree of resolution and 
precision, which is required in time division multiple ac- 
cess (TDMA) systems, and the like. A DSPJNT event 
represents the interrupt signal sent from the CSP 103 
to the DSP 104 as previously described. 

Referring now to FIG. 3, the register operations for 
carrying out the calibration step are shown. In the dis- 
cussion of the register operations of FIG. 3 provided 
herein, appropriate cross references are included for the 
applicable components from the terminal 100 shown in 
FIG. 1 to facilitate a better understanding of the calibra- 
tion operation. Prior to entering the sleep mode, the 
calib_sleepmode_timer (CALSTM) register in the CSP 
103 is set by the DSP 104 with a given value represent- 
ing the calibration time period which will be used to cal- 
ibrate the slow clock 102 to the high accuracy clock 101 . 
The DSP 104 then sets the calibration_enable flag 
(GALENA) In the slow_clock_ control (SCCTL) register 
in the CSP 103. Once this flag is set to a high condition. 



the calibration_accumulator register (CALACC) is set 
with a zero value, and the calibration operation begins 
with the contents of the CALSTM register being decre- 
mented with clock cycles from the slow clock 102 while 

5 the CALACC register is incremented by clock cycles 
from the high accuracy clock 101. Once the given cali- 
bration time period expires (i.e., when the CALSTM reg- 
ister decrements to a zero value), the CALENA flag is 
reset to zero. The path between the high accuracy clock 

10 101 and the CALACC register is opened at the end of 
the next full clock cycle of the high accuracy clock 101 
after the CALSTM register decrements to zero. The re- 
maining value in the CALACC register represents the 
number of cycles from the high accuracy clock 101 
which accumulated for the calibration period that was 
clocked according to the cycles from the slow clock 1 02. 
As such, the DSP 104 reads the contents of the CA- 
LACC register to identify a clock relationship factor be- 
tween the slow clock 102 and the high accuracy clock 

20 101. This factor is used to update the timebase when 
the terminal 100 enters the wake-up mode from the 
sleep mode. By way of example in the case of a GSM 
terminal using 13MHz and 32kHz crystal sources, the 
relationship between the slow clock 102 and the high 

25 accuracy clock 101 would be defined as: 

1 QB - 1^ _ 12 * 16 * (calib_sleepmode_timer) 
~ 13MH2~ 32kHz * (calibration_accu) 

30 where 1QB represents one quarterbit, which is the unit 
of time typically used for the GSM terminal. Other sys- 
tems may use other timebase units. 

FIG. 4 shows the register operations for enabling 
the sleep mode. To facilitate a better understanding of 

35 the sleep mode operation, appropriate cross references 
are included in the discussion provided herein for the 
applicable components from the terminal 100 shown in 
FIG. 1. Specifically, the calib_sleepmode_timer (CAL- 
STM) register in the CSP 1 03 is set by the DSP 1 04 with 

40 a given value representing a sleep interval (i.e., how 
long the terminal 100 will be in sleep mode). Using a 
communications terminal for the GSM system as an ex- 
ample, the given sleep interval would be set in terms of 
488|isec units. The DSP 104 also sets the 

45 XO_spinup_inten/al (XOSUPINT) register (not shown) 
with a value which represents the time it will take the 
high accuracy clock 101 to "spin up" (i.e., the time it 
takes the crystal oscillator to become stable once being 
turned back on after being in sleep mode). The DSP 104 

so also sets the CSP_counter_reload (CSPCRINT) regis- 
ter (not shown) with a value which represents the time 
it will take the DSP 104 to recalculate and update the 
timebase upon waking up from the sleep mode. The 
DSP 104 sets the sleepmode_enabie flag (SLPENA) in 

55 the slow_clock_control (SCCTL) register to a high state. 
When the SLPENA flag is set high, the contents from 
the CALSTM register are then copied into the counter 
(CALSTM) and the DSP 104 sets to a hardware stop 
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mode (HW_stop_mode). In the hardware stop mode 
clock trees In the DSP 104 are disabled and the high 
accuracy clock 101 can then be disabled by the CSP 
. 1 03 via the CLKOE signal line. Also, the high accuracy 
clock input line to the CSP 1 03 is disabled and the coun- s 
ter (CALSTIVl) decrement is enabled. By disabling the 
high accuracy clock input line, the QBC and FC counters 
in the CSP 103, which provide the timebase for the ter- 
minal 100 during normal modes of operation, are effec- 
tively disabled and the temiinal 100 enters the sleep w 
mode. FIG. 2 shows the timing sequence for each of the 
above events when the sleepmode _enable flag is set 
During the sleep mode, the timebase of the terminal 1 00 
is provided by the slow clock 1 02 for the duration of the 
given sleep inten/al which is decremented by the coun- is 
ter in the CSP 1 03. Therefore, all components in the mo- 
bile communications terminal 100 may be shut down 
during the sleep mode except for the slow clock 1 02 and 
the portion of the CSP 103 containing the counter. 

FIG. 5 shows the register operations for executing 20 
a normal terminal wake-up when the given sleep interval 
IS fully decremented in the counter (CALSTM). To facil- 
itate a better understanding of the normal wake-up op- 
eration, appropriate cross references are included in the 
discussion provided herein for the applicable compo- 25 
nents from the terminal 1 00 shown in FIG. 1 . Prior to the 
counter being decremented to zero, the following events 
occur. When the contents of the counter register (CAL- 
STM) equals the sum of the contents of the XOSUPINT 
and CSPCRINT registers, which were previously set by 3o 
the DSP 104 in the sleep mode enable step the 
clock_output_enable signal (CLKOE) (FIGS. 2 and 5) is 
sent to the high accuracy clock 101 by the CSP 103 
The high accuracy clock 101 then "spins up" to reach a 
stable state. When the contents of the counter register 3S 
(CALSTM) equal the contents of the CSPCRINT regis- 
ter, the high accuracy clock signal input to the CSP 1 03 
is enabled and the CSP 103 sends an interrupt 
(DSP_INT) to wake up the DSP 104 (as shown in FIGS 
2 and 5). Upon receiving the DSPJNT signal, the DSP 40 
104 IS set to the high accuracy clock 101. which has 
completed its spinup procedure. During the time after 
receiving the DSPJNT signal and before the counter 
decrements to zero, the DSP 1 04 updates the timebase 
accordingly. Specifically the DSP 104 reads the con- 45 
tents of the QBC and FC counters which are mapped 
into DSP memory locations. The contents of the QBC 
and FC counters will reflect the values at the time the 
terminal 100 entered the sleep mode since these 
counters were disabled at that time. The DSP 104 up- so 
dates the QBC and FC counters by adding a value rep- 
resenting the time the terminal 100 was in sleep mode 
(I.e., given sleep interval) to the previous values stored 
in the QBC and FC counters. The DSP 104 uses the 
timing relationship between the high accuracy clock 101 ss 
and the slow clock 102 as identified in the calibration 
step (i.e., the CALACC value) in conjunction with the 
sleep time (i.e., value from the calib_sleepmode_timer 



(CALSTM register) for the sleep time in the enable sleep 
mode step). Specifically, the value added to the QBC 
and FC counters is equal to the sleep time (i.e.. value 
from the CALSTM register) multiplied by the clock rela- 
tionship factor derived during calibration using the CA- 
LACC register. The QBC and FC counters are then re- 
written by the DSP 104. When the counter decrements 
to zero, the sleepmode_enable (SLPENA) flag in the 
slow_clock_control register (SCCTL) is reset to zero (as 
shown in FIG. 5) and the QBC and FC counters are en- 
abled (as shown in FIGS. 2 and 5) to provide the time- 
base for the tenminal 100. 

FIG. 6 shows the register operations for executing 
an early wake-up command in the terminal 100 in re- 
sponse to an external event that occurs prior to the ex- 
piration of the given sleep interval. To facilitate a better 
understanding of the early wake-up operation, appropri- 
ate cross references are included in the discussion pro- 
vided herein for the applicable components from the ter- 
minal 100 shown in FIG. 1. An example of such an ex- 
temal event would be when a keypad is depressed on 
the mobile communications temiinal 100. In response 
to an external event, the DSP 104 sets the 
early_wakeup flag (EWAKE) to a high state in the 
slow_clock_control (SCCTL) register in the CSP 103 
When EWAKE is set high during the sleep period, the 
contents of the counter are copied into a shadow coun- 
ter. The value in the shadow counter therefore repre- 
sents the actual sleep time for the terminal 100 The 
counter (CALSTM) is then reset with a value equal to 
the sum of the XOSUPINT and CSPCRINT registers 
The same procedures previously described for the 
wake-up mode also apply for the early wake-up events 
with the following exceptions. After receiving the 
DSP_INT signal, the DSP 1 04 reads the contents of the 
shadow counter to obtain the actual sleep time instead 
of using the given sleep inten/al that was initially pro- 
grammed in the CALSTM register. The DSP 104 then 
updates the timebase (QBC and FC counters) accord- 
ingly Additionally, once the counter decrements to zero 
both the sleep_enable (SLPENA) flag and the 
early_wakeup (EWAKE) flag are reset to zero. 

Although the present invention has been described 
with respect to particular embodiments, those skilled in 
the an may devise other methods and configurations uti- 
lizing the present invention. Accordingly, the present in- 
vention should not be limited by the foregoing disclo- 
sure, but only by the claims appended hereto. 

Claims 

1 . A clock circuit device for integrated circuit applica- 
tions, comprising: 

at least two asynchronous clock sources, in- 
cluding 
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a high accuracy clock source for maintain- 6. 

ing a timebase in a first mode, and 

a low power clock source for maintaining 

the timebase in a second mode for a given 

time interval; and s 

at least one programmable processor coupled 
to said high accuracy clock source and said low 
power clock source, said at least one program- 
mable processor being operable to calibrate to 
said low power clock source with said high ac- 
curacy clock source prior to entering said sec- 
ond mode. 7. 



2. A cellular communications terminal device, com- 
prising: 

at least two asynchronous clock sources, in- 
cluding 
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20 



a high accuracy clock source for maintain- 
ing a timebase in a first mode, and 
a low power clock source for maintaining 
the timebase in a second mode for a given 
time inten/al; 25 

at least one programmable processor coupled 
to said high accuracy clock source and said low 
power clock source, said at least one program- 
mable processor being operable to calibrate 30 
said low power clock source with said high ac- 
curacy clock source prior to entering said sec- 
ond mode; and 

a radio frequency segment coupled to said high 
accuracy clock source and said at least one 35 
programmable processor 

The device according to claims 1 or 2, wherein said 
at least one programmable processor is operable 
to disable said high accuracy clock source during 40 
said second mode, and wherein said at least one 
programmable processor includes a counter oper- 
able to decrement said given time interval accord- 
ing to clock cycles from said low power clock 
source. ts 



The device according to claim 5, wherein said plu- 
rality of registers includes an accumulator and a 
multi-function register, and wherein said accumula- 
tor is operable to increment according to clock cy- 
cles from said high accuracy clock source while said 
multi-function register is operable to simultaneously 
decrement a given calibration time period according 
to said clock cycles from said low power clock 
source, said digital signal processor being operable 
to identify a timing relationship based on a resulting 
value in said accumulator. 

The device according to claim 6, wherein selected 
functions in said conversion signal processor, said 
digital signal processor, and said high accuracy 
clock source are disabled during said second mode, 
said given time interval being representative of a 
sleep inten/al, and wherein said digital signal proc- 
essor is responsive to a wake-up signal from said 
conversion signal processor at the expiration of sard 
sleep interval, said digital signal processor being 
further operable to update said timebase using said 
timing relationship and said sleep interval, and said 
high accuracy clock source being operable to main- 
tain said updated timebase upon said counter being 
decremented to a zero value. 

The device according to claim 7, wherein said digital 
signal processor is responsive to a wake-up signal 
from said conversion signal processor prior to the 
expiration of said sleep Inten/al, said plurality of reg- 
isters further comprising a shadow counter, said 
shadow counter cooperating with said counter to 
store an actual sleep interval, said digital signal 
processor being further operable to update said 
timebase using said timing relationship and said ac- 
tual sleep interval, and said high accuracy clock 
source being operable to maintain said updated 
timebase. 

The device according to claim 8, further comprising 
a communications processor coupled to said digital 
signal processor and to said high accuracy clock 
source, said communications processor being op- 
erable to perform general processing functions. 



4. The device according to claim 3, wherein said at 
least one programmable processor is a conversion 
signal processor having a plurality of registers. 

5. The device according to claim 4, further comprising 
a digital signal processor coupled to said conver- 
sion signal processor, wherein contents of said plu- 
rality of registers are mapped to memory locations 
in said digital signal processor, said digital signal 
processor and said conversion signal processor be- 
ing operable to control timing functions of the clock 
circuit using said registers. 



10. A power saving method for integrated circuits, com- 
prising the steps of: 

so maintaining a timebase in a first mode using a 

high accuracy clock source; 
maintaining the timebase in a second mode for 
a given time inten/al using a low power clock 
source; and 

ss calibrating said low power clock source with 

said high accuracy clock source prior to enter- 
ing said second mode. 
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11. A method of operating a cellular communications 
terminal, comprising the steps of: 

maintaining a timebase in a first mode using a 
high accuracy clock source; 
maintaining the timebase in a second mode for 
a given time inten/al using a low power clock 
source; and 

calibrating said low power clock source with 
said high accuracy clock source prior to enter- 
ing said second mode. 
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said programmable processor; 
calculating an updated timebase in said pro- 
grammable processor using said timing rela- 
tionship and said actual sleep interval- and 
maintaining said updated timebase using said 
high accuracy clock source at the expiration of 
said actual sleep interval. 
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The power saving method according to claim 10 or 
1 1 , further comprising the steps of: 

disabling said high accuracy clock source via 
at least one programmable processor upon en- 
tering said second mode; and 
decrementing said given time interval accord- 
ing to clock cycles from said low power clock 
source. 



13. The power saving method according to claim 12 
wherein said calibrating step comprises: 

simultaneously incrementing an accumulator 
according to clock cycles from said high accu- 
racy clock source while decrementing a given 
calibration time period according to said clock 
cycles from said low power clock source- and 
Identifying a timing relationship based on a re- 
sulting value in said accumulator 

14. The power saving method according to claim 13 
further comprising the steps of: 

disabling selected functions of said program- 
mable processor during said second mode 
wherein said given time Interval is representa- 
tive of a sleep Interval- 
providing a wake-up signal to said programma- 
ble processor at the expiration of said sleep In- 
ten/al; 

calculating an updated timebase in said pro- 
grammable processor using said timing rela- 
tionship and said sleep Interval; and 
maintaining said updated timebase using said 
high accuracy clock source at the expiration of 
said sleep Interval. 
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15. The power saving method according to claim 14 
further comprising the steps of: 

providing a wake-up signal to said programma- 
ble processor prior to the expiration of said 
sleep interval; 

measuring an actual sleep interval based on 
timing of said wake-up signal being provided to 



so 



55 



8 



EP 0 865 167 A2 




9 



EP0 865 167 A2 




10 



EP 0 865 167 A2 



FIG. 3 




SCCTL 



DECREMENT 



CALSTM 



CALENA 

COSCBYP 

COSCENA 



j. — RESET CALENA FLAG 



I 



13MHz HIGH 
ACCY CLK 



INCREMENT 



CALACC 



11 



EP 0 865 167 A2 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

1^ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



This Page Blank (uspto) 



